This study examined whether the association of quality of life (QoL) with perceived neighbourhood problems is stronger in older adults with osteoarthritis (OA) than in those without OA. Of all 294 participants, 23.8% had OA. More perceived neighbourhood problems were associated with a stronger decrease in QoL over time in participants with OA (B=−0.018; p=0.02) than in those without OA (B=−0.004; p=0.39). Physical activity did not mediate this relationship. Older adults with OA may be less able to deal with more challenging environments.
Introduction
The importance of the neighbourhood environment for quality of life (QoL) has been recognized (Iwarsson et al., 2007; Lawton, 1986; Lawton and Nahemow, 1973; Rantakokko et al., 2010) , but the association between specific features of the neighbourhood environment and QoL in older community-dwelling adults has not been studied extensively. In particular, research on the relationship between QoL and environmental barriers in older adults with disabilities is limited (Levasseur et al., 2015) . Osteoarthritis (OA) is associated with significant pain and disability in older adults (Brooks, 2012; Jinks et al., 2002; Peat et al., 2001) . Pain and disability caused by OA have a negative impact on physical activity, the use of neighbourhood resources, and QoL (De Groot et al., 2008; Van der Pas et al., 2016; Salaffi et al., 2005) . Knowledge on the relationships between perceived neighbourhood problems, physical activity (PA) and QoL in older adults with and without OA is needed when planning environments that promote PA and well-being in healthy and functionally-impaired older persons.
It has been suggested that the less competent the individual, the greater the impact of environmental factors on that individual and that a fit between personal competencies and environmental demands leads to better well-being (Lawton, 1986; Lawton and Nahemow, 1973) . Older adults with OA might be less competent compared to older persons without the condition and may experience more difficulties in overcoming perceived problems/barriers towards outdoor PA, which may result in poor QoL (Forsyth et al., 2009; Iwarsson, 2005; Shumway-Cook et al., 2003) . Little is known about the association between specific neighbourhood problems and QoL in older community-dwelling persons (Rantakokko et al., 2010) . A study by Puts et al. showed that older frail and non-frail community-dwelling persons report that perceived neighbourhood problems, such as noise and crime, lead to a lower QoL. Furthermore, it was found that the health of frail older persons limited the amount and scope of activities that they performed, resulting in a lower QoL (Puts et al., 2007) . A study by Levasseur et al. showed that fewer barriers in the physical outdoor environment predicted good QoL in older adults with physical disabilities (Levasseur et al., 2008) . Rantakokko et al. showed that perceived barriers in the outdoor environment, such as traffic and poor street conditions, reduce QoL in older community-dwelling people. It was found that older persons who had more chronic conditions and slower walking speed reported more barriers in their outdoor environment and had lower QoL than those who were healthier. Furthermore, Rantakokko et al. showed that fear of moving outdoors and unmet PA needs, considered to be the feeling that one's level of PA is inadequate, mediate the association between perceived environmental barriers and QoL in older adults (Rantakokko et al., 2010) . So far, the impact of environmental barriers on PA and QoL has never been studied in older adults with OA. To promote PA and improve QoL of individuals with OA, more knowledge is needed on the relationships between perceived neighbourhood problems, outdoor PA and QoL in this specific population. This population-based study examines the association between QoL and perceived neighbourhood problems in older adults and assesses whether this relationship is stronger in those with OA. In addition, this study examines whether the association between perceived neighbourhood problems and QoL is mediated by actual outdoor PA. It is hypothesized that more perceived neighbourhood problems are crosssectionally associated with poor QoL and are related to a decrease in QoL over time. It is expected that these relationships are stronger in older adults with OA than in those without the condition. Furthermore, it is hypothesized that PA plays a mediating role in the relationship between perceived neighbourhood problems and QoL. It is expected that more perceived neighbourhood problems reduce outdoor PA in older adults, which in turn reduces QoL.
Methods

Design and study sample
The study sample comprised men and women who participated in the United Kingdom (UK) component of the European Project on OSteoArthritis (EPOSA) and who originally participated in the Hertfordshire Cohort Study (HCS). The HCS and the EPOSA study have been described in detail previously (Syddall et al., 2005; Van der Pas et al., 2013) . In summary, the HCS is a large, prospective, population-based study of the life course origins of adult disease among men and women born in Hertfordshire between 1931 and 1939 and still living in the county between 1998 and 2004. In 2010, a total of 592 surviving participants from the HCS were invited by letter to participate in the EPOSA study. The EPOSA study focuses on the personal and societal burden of OA and its determinants in older persons in six European countries. In total, 444 (75.0%) persons from HCS agreed to participate in the EPOSA baseline study. Of these participants, 410 (92.3%) persons agreed to participate in the EPOSA follow-up study in 2011. Reasons for non-response at follow-up were death (n=8), refusal (n=7), ineligible (n=9), and not contacted (n=4). For six persons, the reason for non-response at follow-up was unknown. The data on perceived neighbourhood problems was collected in 2008 using a postal survey. Based on previous research (Hertfordshire County Council, 2016) , it is assumed that perceptions of neighbourhood problems remained stable between the postal survey and the EPOSA measurements. The participants who moved between the postal survey and the follow-up EPOSA measurement were excluded from the data analyses. Moreover, the participants who had no data available on perceived neighbourhood problems and/or the presence of OA were omitted. The analyses for this study are based on 294 older persons having data available at baseline on the presence of OA, perceived neighbourhood problems, QoL, and PA. The study was approved by the Hertfordshire Research Ethics Committee.
Quality of life
At baseline (2010) and follow-up (2011), QoL was measured using the EQ-5D. The EQ-5D is a generic instrument and it consists of 5 questions (Brooks et al., 2003) . The 5 items are related to the following domains: 1) Mobility, 2) Self-care, 3) Usual activities, 4) Pain/ discomfort, and 5) anxiety/depression. The answer categories differ between the 5 items, but can roughly be divided into: no problems (score 1), some problems (score 2) and extreme problems (score 3). The 5 domains can be converted into a single index score, which summarizes the health state of a participant. The time trade-off method was used to derive valuations for health states, which were subsequently modelled to predict the remaining index scores (Dolan, 1997 ). An index score of 0 represents death, and an index score of 1 represents perfect health.
Change in QoL over time was measured by using two methods. The first measure of change in QoL over time includes a continuous measure. This measure was calculated by subtracting the index score at follow-up from the index score at baseline (Grandy and Fox, 2012) .
The second measure of change in QoL over time includes a dichotomous measure and was calculated by using the EdwardsNunnally index. The Edwards-Nunnally index calculates individual significant change based on the reliability of the measurement instrument, the confidence interval (CI), and the population mean (Speer and Greenbaum, 1995) . This index has been developed to determine pre/ posttest recovery. It classifies change as improved or deteriorated using the confidence interval. If the posttest lies outside of this CI, it is considered to be significantly different from the pretest score. The pre/ posttest change is adjusted for regression to the mean. In this study, a 95% CI was used for QoL. The scores were dichotomized into no decline (0) and decline (1).
Perceived neighbourhood problems
In the postal survey (2008), perceptions of neighbourhood problems were assessed by asking participants to consider a list of eight problems that people often have with the area where they live and indicate whether each one was not a problem (score 1), a small problem (score 2) or a big problem (score 3) for them. These and similar items have been widely used in UK government social surveys, such as the General Household Survey (Ali et al., 2009) . The eight problems were: (1) vandalism, (2) litter and rubbish, (3) smells and fumes, (4) assaults and muggings, (5) burglaries, (6) disturbance by children or youngsters, (7) traffic, and (8) noise. An overall score was calculated by summing the scores for each item. The sumindex ranged from 8 to 24, with higher scores indicating more neighbourhood problems. Furthermore, the 8 individual neighbourhood problem items were dichotomized into no problem (0) and small/big problem (1).
Potential effect modifier
A potential effect modifier was clinical OA. In the EPOSA study (2010), the American College of Rheumatology (ACR) classification criteria (Altman, 1991) were used to diagnose OA in knee, hand and hip in older people. An algorithm was specified for non-specific OA (OA versus no-OA). An extensive description of the diagnosis of OA in knee, hand and hip is described elsewhere (Van der Pas et al., 2013).
Potential mediator
A potential mediator was outdoor PA. Physical activity was measured using the LASA Physical Activity Questionnaire (LAPAQ) (Stel et al., 2004) . The LAPAQ covers frequency and duration of different activities during the previous two weeks. Activities covered in the LAPAQ include walking outside, cycling, gardening, light and heavy household work and a maximum of two sports. In order to calculate average daily outdoor PA in minutes, the frequency and duration of walking, cycling and gardening were multiplied and divided by 14 days. Sport activities were not included in this outdoor PA measure, because certain sports could be performed indoors as well as outdoors.
Potential confounders
We considered the following potential confounders: age, sex (0=men, 1=women), partner status (0=no partner, 1=partner), educational level (0 < secondary education, 1≥secondary education), anxiety, depression, general cognitive functioning, and comorbidity.
Anxiety and depressive symptoms were examined by the Hospital Anxiety Depression Scales (HADS) (Zigmond and Snaith, 1983 ). The HADS is a self-report questionnaire comprising 14 four-point Likert scaled items, 7 for anxiety (HADS-A) and 7 for depression (HADS-D). Both scales have a range from 0 to 21. HADS-A and HADS-D were used as categorical variables with cut-off level of 8 or more for presence of anxiety and depression.
General cognitive functioning was measured by using the MiniMental State Examination (MMSE) (Folstein et al., 1975; Tombaugh and McIntyre, 1992) . The MMSE is a 23-item global cognitive function test, which includes questions on orientation in time and place, attention, language, memory and visual construction. The test was designed as a screening instrument for cognitive impairment and dementia. Scores range from 0 to 30, with a higher score indicating better performance. The MMSE-scores were dichotomized (0= no cognitive impairment (MMSE-score≥23), 1= cognitive impairment (MMSE-score < 23)) (Tombaugh and McIntyre, 1992) .
Comorbidity was measured through self-reported presence of the following chronic diseases or symptoms that lasted for at least three months or diseases for which the participant had been treated or monitored by a physician: chronic non-specific lung disease, cardiovascular diseases, peripheral artery diseases, stroke, diabetes, cancer, and osteoporosis. The number of chronic diseases other than OA was categorized and dummy-coded into 0 chronic diseases (0=no, 1=yes), 1 chronic disease (0=no, 1=yes), and 2 or more chronic diseases (0=no, 1=yes). The first category (0 chronic diseases) was used as reference category. This approach provides a balanced distribution across the categories and corresponds to earlier studies (Van Schoor et al., 2016; Visser et al., 2014) .
Statistical analyses
Differences in means were tested using Independent Sample TTests for normally distributed variables. Differences in medians were tested using Mann Whitney U Tests for skewed continuous variables and differences in percentages were tested using Pearson Chi-square tests for categorical variables.
Multiple linear regression analyses were used to examine the crosssectional association between QoL and perceived neighbourhood problems (sum index and individual items) at baseline and at followup, and the association between change in QoL over time (continuous measure) and perceived neighbourhood problems (sum index and individual items). Logistic regression analyses were used to examine the association of change in QoL over time (dichotomous measure) and perceived neighbourhood problems (sum index and individual items).
Osteoarthritis was assessed for potential effect modification by examining the interaction effect between OA and perceived neighbourhood problems on QoL in fully adjusted models. In case of a significant interaction effect (p < 0.10) (Aiken and West, 1991) , group-specific associations between QoL and perceived neighbourhood problems were presented. In case the interaction effect was not significant, a pooled analysis (also adjusted for OA) was performed. The association of (change in) QoL with perceived neighbourhood problems were examined in fully adjusted models. In all models, the p-value was set to 0.05. The above analyses were performed in IBM SPSS Statistics (version 20.0).
It was tested whether the cross-sectional association between QoL and perceived neighbourhood problems was mediated by PA, by applying the conditions described by Baron and Kenny (Baron and Kenny, 1986) . According to them, a variable can be considered to be a mediator when: (a) the predictor is significantly associated with the hypothesized mediator, (b) the predictor is significantly associated with the dependent variable, (c) the mediator is significantly associated with the dependent variable, and (d) the impact of the predictor on the dependent variable is less after controlling for the mediator. These conditions were tested with linear regression analyses.
Results
The mean age of all 294 participants at baseline was 75.3 (SD=2.5) years at with an age-range of 71-80 years. Of all participants, 150 (51.0%) were female. Seventy (23.8%) persons fulfilled the ACR classification criteria for knee, hand, and/or hip OA. The baseline characteristics of the participants with and without OA are presented in Table 1 .
Quality of life
In the full sample, the QoL index score was 0.80 (IQR=0.73-1.00) and 0.85 (IQR=0.73-1.00) at baseline and at follow-up respectively. At Differences in medians were tested using Mann Whitney U Tests for skewed continuous variables and differences in percentages were tested using Pearson Chi-square tests for categorical variables. Health & Place 43 (2017) 144-150 baseline, participants with and without OA did not differ significantly in terms of the QoL index score (Table 2) . At follow-up, participants with and without the condition did also not differ significantly in QoL (data not shown). Data on QoL at baseline as well as follow-up were available for 276 participants. In this group, the change in QoL between baseline and follow-up, on average, was 0.02 (SD=0.16). The change in QoL over time did not significantly differ between participants with and without OA (OA: Mean=0.02, SD=0.15 versus non-OA: Mean=0.02, SD=0.16; p=0.76). Analyses regarding the Edwards-Nunnally Index showed that the majority of participants (77.5%) did not significantly change in terms of QoL between baseline and follow-up. Quality of life did significantly decline and improve over time in 19 (6.9%) and 43 (15.6%) participants respectively. The proportion of persons with a decline in QoL between baseline and follow-up did not differ between the OA-group (8.3%) and the non-OA group (6.5%) (p=0.62).
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Perceived neighbourhood problems
On average, the perceived neighbourhood problem index score was 11.1 (SD=2.6) in the full sample. Participants with OA did not perceive significantly more neighbourhood problems compared to their counterparts without OA (OA: Mean=11.1 SD=2.6 versus non-OA: Mean=11.1, SD=2.7; p=0.97). Participants with OA did not report a specific neighbourhood problem more than participants without OA (data not shown).
Quality of life and perceived neighbourhood problems
The cross-sectional associations of QoL with perceived neighbourhood problems at baseline and at follow-up were not statistically significant in the full sample (B baseline =−0.003; p=0.37 and B followup =−0.004; p=0.35) and did not differ between older adults with and without OA.
In the full sample, QoL was not significantly associated with one specific perceived neighbourhood problem. The perception of assaults and muggings and traffic as neighbourhood problems was significantly associated with lower QoL at baseline in older adults with OA (B assaults/ muggings =−0.153; p=0.03 and B traffic =−0.091; p < 0.05). In older adults without OA, these associations were less strong and were not statistically significant (B assaults/muggings =−0.021; p=0.44 and B traffic =0.003; p=0.91).
A trend for a negative association between change in QoL over time (continuous measure) and perceived neighbourhood problems was found in the full sample (B=−0.01; p=0.08). A significant OA by perceived neighbourhood problem interaction effect on the change in QoL over time was observed (p=0.09). The perception of more neighbourhood problems was associated with a stronger decrease in QoL over time in participants with OA (B=−0.018; p=0.02) than in those without the condition (B=−0.004; p=0.39) (Fig. 1) .
In the full sample, none of the specific perceived neighbourhood problems was significantly associated with change in QoL over time (continuous measure). The perception of traffic as a neighbourhood problem was significantly associated with a decrease in QoL over time in participants with OA (B=−0.087; p=0.03). This relationship was positive and not statistically significant in older adults without the condition (B=0.008; p=0.73).
Logistic regression analyses showed that participants who perceive more neighbourhood problems are more likely to have a significant decline in QoL between baseline and follow-up, as indicated by the Edward-Nunnally Index, than those who perceive less neighbourhood problems (OR=1.29, 95% CI=1.10-1.52). There was a trend for an association between change in QoL over time (dichotomous measure) and perceived neighbourhood problems in older adults with OA (OR=2.84; 95% CI=0.88-9.20). This association was less strong and not statistically significant in older adults without OA (OR=1.17, 95% CI=0.97-1.42) (Fig. 2) . Compared to participants without OA, participants with OA were more likely to have a significant decline in QoL over time, when they perceive more neighbourhood problems.
Participants who perceived smells and fumes (OR=3.42, 95% CI=1.03-11.41), disturbance by children or youngsters (OR=3.70; 95% CI=1.19-11.46), and noise (OR=3.52, 95% CI=1.19-10.42) were more likely to have a significant decline in QoL between baseline and follow-up. The associations of change in QoL over time (dichotomous measure) and specific perceived neighbourhood problems did not differ between participants with and without OA.
Mediating role of outdoor physical activity
Analyses did not show a mediation effect of outdoor PA in the relationship between QoL and perceived neighbourhood problems in the full sample at baseline and at follow-up. Only condition (c) of Baron and Kenny [30] was fulfilled (see "Statistical analyses") at baseline as well as follow-up. Analyses also showed that outdoor PA did not mediate the association of QoL with perceived neighbourhood problems in both the OA-group as well as the non-OA group.
Discussion
This study examined the association of QoL with perceived neighbourhood problems in older adults with and without OA, and assessed whether this relationship was stronger in those with OA. The results showed that the cross-sectional association of QoL with perceived neighbourhood problems did not differ between older adults with and without OA. The findings showed that the perception of more perceived neighbourhood problems was associated with a stronger decrease in QoL over time in older adults with OA than in those without the condition.
The current study provides some supportive evidence for the environmental docility hypothesis, which states that the less competent the individual, the greater the impact of environmental factors on that individual (Lawton, 1986; Lawton and Nahemow, 1973) . Due to the experience of more pain, disability and functional limitations, older adults with OA might be more vulnerable to environmental demands and might be less able to overcome neighbourhood problems than those without the condition. The results suggest that older adults with OA are less able to deal with perceived neighbourhood problems in comparison to their counterparts without OA and, as a consequence, their QoL decreases more. A possible explanation could be that older adults with OA experience more difficulties with regard to moving outdoors and participating in outdoor PA when they perceive more neighbourhood problems, and that this results in poor QoL (Forsyth et al., 2009; Iwarsson, 2005; Shumway-Cook et al., 2003) . However, this study showed that outdoor PA did not mediate the relationship between QoL and perceived neighbourhood problems in older adults with OA as well as in older persons without the condition. Contrary to other studies (for a review, see Van Cauwenberg et al., 2011) , the perception of neighbourhood problems was not significantly associated with PA in our study. The perceived neighbourhood problems in our study were mainly related to safety issues, and were not only physical barriers. Physical environmental barriers, such as hilly terrain, lack of resting places, and poor street conditions, are often found to be barriers for PA in older adults with and without disabilities (Dawson et al., 2007; Rosenberg et al., 2013; Strath et al., 2010) . It could be that the association of QoL and neighbourhood problems is rather mediated by fear of moving outdoors and unmet PA needs (Rantakokko et al., 2010) , than by the self-reported quantity of outdoor PA.
Osteoarthritis is the most prevalent joint disease in older adults (Brooks, 2012; Jinks et al., 2002; Vos et al., 2012) . It is the fastest increasing musculoskeletal condition worldwide and increases in life expectancy and aging populations are expected to make OA the fourth leading cause of disability by the year 2020 (Brooks, 2012; Woolf and Pfleger, 2003) . Knowledge on the relationships between the neighbourhood environment, PA and QoL in older adults with OA is needed to anticipate this development and to plan environments that promote PA and QoL of these individuals. To our knowledge, this is the first study that examines the relationships between perceived neighbourhood problems, outdoor PA, and QoL in older adults with and without OA in the general population. The current study did not only focus on cross-sectional associations between perceived neighbourhood problems, outdoor PA and QoL, but also considered the influence of perceived neighbourhood problems on change in QoL over time. This study has several strengths, including extensive phenotyping of study participants according to strict study protocols, and by a highly trained research team.
Some limitations has to be acknowledged as well. First, the sample size in the current study was fairly small, which resulted in low statistical power. Second, the perception of neighbourhood problems was assessed in 2008 using a postal survey, whereas OA, outdoor PA, Fig. 1 . The association of change in quality of life over time (continuous measure) with perceived neighbourhood problems stratified for osteoarthritis a-c. a Abbreviations: n=Number; OA=Osteoarthritis; p=p-value. b This figure shows the results of two multiple linear regression analyses in which the association of change in quality of life over time (continuous measure) with perceived neighbourhood problems was assessed in older adults with and without osteoarthritis. The unstandardized regression coefficient of perceived neighbourhood problems is presented. Error bars represent 95%-confidence intervals. c The associations are adjusted for age, sex (reference category: men), partner status (reference category: no partner), educational level (reference category: not better educated than secondary education), number of chronic diseases (reference category: no chronic diseases other than osteoarthritis), anxiety (reference category: not anxious), depression (reference category: not depressed), and general cognitive functioning (reference category: no cognitive impairment). Fig. 2 . The association of change in quality of life over time (dichotomous measure) with perceived neighbourhood problems stratified for osteoarthritis a-c. a Abbreviations: n=Number; OA=Osteoarthritis; p=p-value. b This figure shows the results of two logistic regression analyses in which the association of change in quality of life over time (dichotomous measure) with perceived neighbourhood problems was assessed in older adults with and without osteoarthritis. The odds ratio of perceived neighbourhood problems is presented. Error bars represent 95%-confidence intervals. c The associations are adjusted for age, sex (reference category: men), partner status (reference category: no partner), educational level (reference category: not better educated than secondary education), number of chronic diseases (reference category: no chronic diseases other than osteoarthritis), anxiety (reference category: not anxious), depression (reference category: not depressed), and general cognitive functioning (reference category: no cognitive impairment).
QoL and the covariates were assessed on later occasions. Based on previous research (Hertfordshire County Council, 2016) , it has been assumed that the perception of neighbourhood problems remained stable between the postal survey and the EPOSA measurements, but this time-gap and the small sample size might have made it harder to gauge the true size of the associations between perceived neighbourhood, outdoor PA and QoL in older adults with and without OA. Finally, another limitation is related to the geographical distribution of the study sample. The study sample is drawn from a single county and the participants in this study cannot be considered entirely typical of all men and women of this age in the UK, because they have continued to live in the county of their birth (Syddall et al., 2005) . However, participants of the HCS have been shown to be very similar to those in the nationally representative Health Survey for England on a range of characteristics (Syddall et al., 2005) .
In this study, the associations between perceived neighbourhood problems, self-reported outdoor PA and QoL were examined. Future research should also focus on associations between QoL, objectively measured PA, and objectively measured neighbourhood problems. For example, future studies could make use of accelerometers and Global Position System devices to objectively measure outdoor PA in the neighbourhood. Neighbourhood problems could be objectively measured by using official crime reports, noise exposure measures, and traffic data. The study sample in our study was drawn from a small geographical area, which is characterized by high levels of perceived area satisfaction and low levels of area deprivation compared to other parts of the UK (Hertfordshire County Council, 2016; Hertfordshire Local Information System (HertsLIS), 2016; McLennan et al., 2011; Noble et al., 2008) . The associations between QoL and perceived neighbourhood problems might be stronger in less affluent and satisfied areas. Future studies in different geographical areas are needed to examine this.
In conclusion, this study shows that the perception of more neighbourhood problems was associated with a stronger decrease in QoL over time in older adults with OA than in those without OA. Older adults were more likely to have a significant decline in QoL over time than those without the condition, when they perceive more neighbourhood problems. Older adults with OA may be less able to deal with perceived neighbourhood problems and a more challenging environment in comparison to their counterparts without OA and, as a consequence, their QoL decreases more over time. In order to improve QoL of healthy and functionally-impaired older adults, such as those with OA, it is important that policymakers and city planners are in close contact with the residents of a neighbourhood to monitor and to address their perceived neighbourhood problems.
